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Abstract— The growing demand of air-conditioning is one of the 
largest contributors to Australia’s overall electricity 
consumption. This has started to create peak load supply 
problems for some electricity utilities particularly in Queensland. 
This research aimed to develop consumer demand side response 
model to assist electricity consumers to mitigate peak demand on 
the electrical network. The model developed demand side 
response model to allow consumers to manage and control air 
conditioning for every period, it is called intelligent control. This 
research investigates optimal response of end-user toward 
electricity  price for several cases in the near future, such as: no 
spike, spike and probability spike price cases. The results 
indicate the potential of the scheme to achieve energy savings, 
reducing electricity bills (costs) to the consumer and targeting 
best economic performance for electrical generation distribution 
and transmission.  
Keywords-component; consumer, Demand side response, 
Economic, Electrical network, Generation 
I.  INTRODUCTION  
The strong economic and population growth in Queensland 
has large contributed to significant increase in electricity 
demand in the residential and commercial sector. Continuing 
to build and maintain inefficient buildings that rely on air 
conditioning will compound the sectors increased energy 
requirements. Each kilowatt of air-conditioning installed in 
Queensland costs up to $3000 in new energy infrastructure to 
meet peak demand[1]. All electricity users share these costs. 
Continued use of traditional supply mechanisms to meet 
projected peak demand is expected to cost approximately $15 
billion by 2020[1].  
The increasing contribution of air conditioning to energy 
consumption, and especially to peak loads, has received 
considerable attention in Australia in the past and the next few 
years, from government, manager of  energy efficiency 
program, electricity supplier and from electricity market 
regulator[2]. Managing demand on the electricity system at 
peak session is the most direct way to address the air 
conditioning peak demand issue. While increasing the energy 
efficiency and improving thermal performance in both 
residential and commercial sectors will reduce peak demand 
on the electricity network.  
Figure 1 shows the total cooling energy consumption at 
next 2020 share by state. Based on this data that Queensland: 
44 %, South Australia 8 %, Western Australia 10 %, Tasmania 
0 % , Northern Territory 4 %, Australia Capital Territory 1 %, 
New South Wales 27 % and Victoria 6 % [3]. Making 
Queensland the first highest consumer of  air conditioning in 
Australia. This is indicates that Queensland has significantly a 
greater number of energy user than any other state in 
Australia. Since 1990, cooling energy consumption in 
Queensland was 22 % [3].    
 
Figure 1. Cooling energy consumption share by state in Australia[3] 
 
Figure 2. Energy growth and demand growth in South East Queensland[4] Marwan Marwan is with Polytechnic State of Ujung Pandang, Makassar
Indonesia and Queensland University of Technology, Brisbane, Qld, 4001.
marwan.marwan@qut.edu.au. 
Gerard Ledwich and Arindam Ghosh are with Queensland University of
Technology, Brisbane, Qld, 4001. g.ledwich@qut.edu.au, 
a.ghosh@qut.edu.au 
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Increasing dwelling area served and frequency of duration 
of use air conditioning as a main factor that the total growth air 
conditioning demand could be much higher. Therefore air 
conditioning usage contributes greatly to peak load growth in 
both commercial and residential sector in Queensland. As 
illustrated in figure 2 above growth energy is no equivalent to  
demand growth in East South Queensland. Energy growth just 
up to 28 % while demand growth more than 55% in 2009-
2010. 
It is generally known that the rapid growth demand is one 
of potential factors to increase electricity price for every time. 
Electricity price in peak season is more expensive than off-
peak season. Other impact is sudden occur spike electricity 
price in particularly time. This is also happen because power 
production is not enough to response the demand and/or 
damage distribution or transmission network in the short time. 
II. DEMAND SIDE RESPONSE AND ITS APPLICATION TO AIR 
CONDITIONING 
The definition of demand side response includes both 
modifications of electricity consumption by consumers in 
response to price and the implementation of more energy 
efficient technologies [5].  Those modifications in behavior 
include primarily price response by consumers, but also can 
include substitution of grid sourced electricity with behind-
the-meter or distributed generation [6].  
As demand response is allowed to more fully participate in 
energy markets, it has the potential to provide economic 
benefits in addition to reliability benefits [7]. The benefits of 
demand response are expected to grow as it becomes an 
integral part of energy markets. For example: government 
regulations, financial performance, customer satisfaction and 
system reliability [7]. 
Many different economic models are used to represent 
Demand Side Response programs. DSR is divided into two 
basic categories, namely: the time based program and the 
incentives based program [8]. The specific types of time based 
program are: time of use (TOU), real time pricing (RTP) and 
critical peak pricing (CPP) [9]; while the specific types of 
incentive based program consist of direct load control (DLC), 
Interruptible/curtailable (I/C), Demand bidding (DB), 
emergency demand response program (EDRP), capacity 
market (CAP) and ancillary service markets (A/S) programs 
[10]. 
In managing the peak load contribution of air conditioners, 
various strategies can be used in Australia. The  issues 
considered important of DSR applied in Australia are [11]: 
A. Price Signal 
Residential and small commercial consumer generally 
purchase electricity on uniform tariff, hence there is a little 
incentive for consumer to reduce or move load at peak time. 
More cost effective pricing would allow to consumer to be 
more fully exposed to peak prices and have sufficient financial 
or other incentive to reduce load  at particular time. Specific 
price signal for DSR can then be seen and consumer rewarded 
for curtailing or eliminating peak loads, payment for load 
reduced and or the availability to respond at peak times.    
B. Metering and signaling 
The technical ability to participate must be present as must 
the system to record and pay for response. The wide spread 
adoption of interval meters and/or signaling equipment for 
small consumer is required but costs and technical concern 
have to be addressed. The appropriate choice of signaling 
method, direct control or manual, need to address the end use 
load type and consumer type.     
C. Suitable load 
The control strategy for air condition found in residential 
and small commercial is still a barrier for many consumers. 
The overseas experience of millions of consumers in direct 
load control program suggest that these barriers can be 
overcome. 
D. Energy /electricity market reform. 
The spot market wholesale pricing system currently create 
intensive to offer capacity as the system pays all generators at 
the last highest  bid price required to meet demand. This issue, 
combined with network companies being paid on the basis of 
capital investment does not encourage DSR without a 
countervailing DSR system.  
Literature studies reveals a wide range of efforts have been 
undertaken by electricity suppliers to alleviate peak demands. 
In contrast, this research develop a new model to be used 
consumer by independently to mitigate peak-demand based on 
the electricity price signal. The price signal could contain both 
electricity market issues as well as feeder loading. 
III. THE PROPOSED INNOVATIVE MODEL 
This model summarizes a consumers demand side 
response which assists electricity consumers to be engaged in 
mitigating air conditioning peak demands on the electricity 
network. The proposed model allows consumers to be 
independently and proactively managing air conditioning peak 
electricity demand. This research investigates how can 
consumer optimize energy use for operate air conditioning 
towards several cases, such as: 
A. No spike price case 
B. Spike price case 
C. Probability spike case 
Numerical modeling is a feasible solution to allow for 
unpredictable price due to interruption of major generation or 
other supply side constraints. To perform this investigation, 
mathematical models for the consumer participant are 
developed to quantify the economic benefit of demand side 
participations. A linear programming based algorithm is 
developed to determine the optimal solution to achieve the 
best outcomes. Additionally the developed model is designed 
to be targeting a national electrical load spread-out evenly 
throughout the year in order to satisfy best economic 
performance for electricity generation, transmission and 
distribution. 
This model does not provide incentive or penalty to 
consumers since there is no agreement between both 
electricity supplier and consumer to apply this model. 
However, consumers will achieve savings by decreasing loads 
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at high priced sessions e.g. applying pre-cooling system to 
avoid spike price in the critical peak session. Therefore, 
consumers are able to optimize air conditioning by controlling 
the temperature room, turn-on the air conditioning when the 
temperature rises a maximum threshold e.g. 24oC then turn off 
for the next switching once the temperature drops to be 
minimum threshold e.g. 18oC. The cycling time of air 
conditioning is based on the result of temperature 
optimization.  
The scope of linear programming is to minimize energy 
cost by optimizing room air conditioning, is a called the 
objective function. To calculate energy cost is based on the air 
conditioning status e.g. no cost when the air conditioning 
status is off and market cost if air conditioning is on. To 
achieve this goal, an optimization package such as MATLAB 
allows the user to optimize this objective function within 
operational constraints such as a permitted temperature range. 
Therefore, the optimization problem can then be represented 
as minimizing energy cost (C), or mathematically: 
 
 ܼ ൌ minሺܥሻ                                                            ሺ1ሻ 
ܼ ൌ ܯ݅݊ න ሾሺ ௧ܵ
௧௠௔௫
௧௠௜௡
. ܲ. ܦ.  ௧ܷሻ  ݀ݐ ሿ                     ሺ2ሻ  
 
Subject to constraint: 
݀ܶ
݀ݐ   ൌ  
ܳ.  ܣ .  ܦ1. ሺ ைܶ െ   ௧ܶ ሻ 
ܪ െ  
 ܤ.  ܦ1.  ௧ܷ    
ܪ   ሺ3ሻ 
where: 
                                         
Z : Minimizing energy cost ($) 
ܥ : Cost ($)  
௧ܵ  : Electricity price at time t ($/kWh) 
ܲ  : Rating power of air conditioning (kW) 
ܦ : Duration time (hour) 
ܦ1 : Duration time (second) 
௧ܷ  : Continuous time binary variable (1 or 0) 
Q : Heat transfer coefficient from floor walls and  
ceiling (W/m2 oC) 
ܤ : Heat transmission from the AC (W) 
A  : Total area (m2) 
H : Heat capacity of the room (J/ oC) 
 ௢ܶ : Temperature outside (oC) 
௧ܶ : Temperature inside room at time t (oC) 
In this paper, we model and formulate how to  consumer 
minimizing energy cost affect on the electricity price, spike 
and no spike price.  
Suppose that  ܵே is electricity price with no spike price, so 
cost for no spike ܥ௡ is calculated by: 
     
ܥே ൌ  න ሾሺ ܵே
௧
௧ୀ଴,ଵ
.  ܲ.  ܦ.  ௧ܷ  ሻ ݀ݐሿ                      ሺ4ሻ 
Suppose that  ௌܵ is electricity price when the spike occur, 
so cost for spike  ܥௌ is calculated by:   
ܥௌ ൌ  න ሾሺ ௌܵ
௧
௧ୀ଴,ଵ
.  ܲ.  ܦ. ௧ܷሻ ݀ݐሿ                          ሺ5ሻ 
                 
To determine total cost for probability spike case can be 
calculated by the following equation:         
ܥ ൌ  ܥே כ ሺ1 െ ݌ݎ݋ܾݏ݌݅݇݁ሻ ൅ ܥௌ כ  ݌ݎ݋ܾݏ݌݅݇݁       ሺ6ሻ 
 
Where: 
ܥ  : Total cost ($) 
݌ݎ݋ܾݏ݌݅݇݁  : Probability spike (%) 
ܥே  : Cost for no spike ($) 
ܥௌ  : Cost for spike ($) 
 
         IV.    NUMERICAL RESULT 
The following table-1 illustrates building parameter used 
in this analysis. 
TABLE I.  ILLUSTRATE BUILDING  
No 
Illustrate Building 
Parameter Value Unit 
1 Heat transfer coefficent from floor wall and ceiling 1.5 W/m2
 oC 
2 Total areas 36 m2 
3 Heat capacity of the room 1600152 J/ oC 
4 Heat transfer from the air conditioning 900 W 
5 Temperature initial point 21 oC 
6 Temperature outside 30 oC 
7 Temperature reference 21 oC 
8 Hysterisis 4  
9 Duration of time 10 h 
10 Number of switching 20  
11 Electricity price no spike 0.023 $/kWh 
12 Electricity price when spike occur 60 $/kWh 
13 Rating power air conditioning 1 kW 
 
A. No Spike Price 
The following figure 3 indicate typical operation system of 
air conditioning for the no spike price. Maintaining the 
temperature of the room to keep comfort limit between a 
lower to upper temperature. The temperature start point is 
21oC with the air conditioning status is off. Turning on air 
conditioning once the temperature rises to the permitted 
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maximum. Then next turning off air conditioning once the 
temperature drops to the permitted minimum. With the air 
conditioning off, the temperature will increased and can  rise 
to the  permitted maximum.  
In this case the permitted temperature maximum is 25oC 
and minimum is 17oC. Based on the result of optimization as 
illustrate in figure 2 that air conditioning status is turning on 
under 25oC and turning off above 20oC for the all switching 
for 20 times switching during 10 hours operation. 
To calculate the electricity cost during this period is based 
on the air conditioning status. The electricity cost will be 
increased when the temperature is being reduced by having the 
air conditioning on. However, there is no electricity cost when 
the air conditioning off. The electricity cost account start from 
switching 1 to 2. Then air conditioning is turn off again 
between switching 2 to 3, where electricity cost in no 
calculated. The type of operation is continuously for all 
switching and times. The following result of switching number 
for turning on and turning off (air conditioning status) for 
every time and the total cost calculated as illustrated in table 
II. 
 
Figure  3. Numerical result of no spike price 
 
TABLE II.  RESULT OF OPTIMIZATION FOR NO SPIKE PRICE CASE 
Number 
No spike price 
Switch number Time AC status 
1 X1 0.45 ON 
2 X2 0.87 OFF 
3 X3 1.40 ON 
4 X4 1.83 OFF 
5 X5 2.35 ON 
6 X6 2.78 OFF 
7 X7 3.31 ON 
Number 
No spike price 
Switch number Time AC status 
8 X8 3.74 OFF 
9 X9 4.26 ON 
10 X10 4.69 OFF 
11 X11 5.22 ON 
12 X12 5.64 OFF 
13 X13 6.17 ON 
14 X14 6.60 OFF 
15 X15 7.13 ON 
16 X16 7.55 OFF 
17 X17 8.08 ON 
18 X18 8.51 OFF 
19 X19 9.04 ON 
20 X20 9.47 OFF 
Total cost ($) = 0.98 
B. Spike Price  
In the case when we know details of size and timing of a 
price spike, figure 4 illustrates the operation system of air 
conditioning for spike price in mid day. Maintaining the 
temperature of the room between lower to upper temperature. 
The typical operation is similar to no spike price above. 
However, air conditioning operate pre-cooling system to avoid 
the spike price in the middle of day. The temperature room is 
driven to a lower threshold.  Therefore, temperature room will 
be cooler in the period leading up to the higher price time. 
In this case, temperature start point is 21oC with the air 
conditioning status is off. The temperature permitted 
maximum and minimum are 25oC and 17oC. Based on the 
result of optimization as illustrated in figure 3 that air 
conditioning turning on when the temperature rise under 25oC 
for all switching, only switching 13 is rise temperature 
permitted maximum, 25oC. The air conditioning is turning off 
above temperature permitted minimum for the all switching. 
Switching 2, 10 and 14 applied pre-cooling system under 
20oC. Others switching is still keep temperature 20oC.   
 
Figure 4. Numerical result of spike price 
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To calculate electricity cost is similar process to the  no 
spike price case above. Switching number 10 applied pre-
cooling system to anticipate  the more expensive electricity 
price in mid day.  Applied pre-cooling system is a smart 
decision to operate air conditioning and avoid high electricity 
price. Even applied pre-cooling system is a little bit expensive 
than normal operate. However, operate normal air 
conditioning during  critical time is more expensive cost than 
appiled pre-cooling system. The following result of switching 
number for turning on and turning off (air conditioning status) 
for every time and the total cost calculated as illustrated in 
table III. 
TABLE III.  RESULT OF OPTIMIZATION FOR SPIKE PRICE CASE 
Number 
Spike price 
Switch number Time AC status 
1 X1 0.12 ON 
2 X2 0.74 OFF 
3 X3 1.43 ON 
4 X4 1.87 OFF 
5 X5 2.39 ON 
6 X6 2.83 OFF 
7 X7 3.36 ON 
8 X8 3.81 OFF 
9 X9 4.31 ON 
10 X10 5.02 OFF 
11 X11 5.46 ON 
12 X12 5.54 OFF 
13 X13 5.96 ON 
14 X14 6.54 OFF 
15 X15 7.14 ON 
16 X16 7.58 OFF 
17 X17 8.12 ON 
18 X18 8.56 OFF 
19 X19 9.10 ON 
20 X20 9.53 OFF 
Total cost ($) = 91.57 
 
C. Probability Spike 
To consider the case when there is a finite probability 
“probspike” that a price spike can occur at say mid day we 
need a new form of optimization. Here we do not know what 
the price will be so we force the switching to be the same up 
until the spike time. The switching will be different from that 
time on depending on whether the spike really occurred. There 
are say 10 switching's which characterize the time up to the 
price event and then the remaining 10 switching's under the 
two scenarios. This gives a total of 30 switch edges to 
optimize. We compute ܥௌ as the case when a spike occurs and ܥே is the cost assuming no spike occurs. The total cost is thus 
given as equation (6) above. 
This cost can then be numerically optimized by varying the 
30 switch edges and requiring the temperature to remain 
between bounds. The result of this optimization is shown in 
Fig 5 and 6 which consider the probabilistic optimized cost 
over the 10 hour day with the chance of a price spike at mid 
day. Here we see that when the probability of a spike is low 
we do not see much effort of pre cooling but when the 
probability becomes higher then as we approach noon there is 
a higher degree of pre cooling.  
The result of numerical optimization and the following 
total cost calculated as illustrated in table IV. Note that the 
switching events under the two scenarios require the same 
switching's up to the point of the switch event.  
These figures indicate how air conditioning can operate if 
spike occur 1 % in the mid day and no spike occur 99 %. In 
this case the temperature start point is 21oC with the air 
conditioning status is off. The temperature permitted 
maximum is 25oC and minimum is 17oC for 20 times 
switching during 10 hours. Both figures illustrates the air 
conditioning status is turning on when the temperature rises 
under 25oC and turning off when the temperature drops in 
20oC. However, air conditioning still operate pre-cooling 
system on switching 10. This is happening to avoid electricity 
high price in the mid day.  
 
Figure 5. Numerical result of probability spike for no spike price 
 
These results only cover the case when we know that there 
is a possibility of a spike but we know the possible time and 
the height of spike. When the timing of the spike is unknown 
then the pre cooling is needed as long as the risk of a price 
spike is high so the temperature will cycle at a lower 
temperature and will minimize the energy by permitting a rise 
to the highest permitted temperature while the price is high. 
When the event is over then the price is returned to its lower 
level to allow for a second event. In practice the risk of a spike 
with rise with the loading so the amount of pre-cooling will 
tend to rise as the price risk increases.  
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Figure 6. Numerical result of probability spike for spike price 
TABLE IV.  RESULT OF OPTIMIZATION FOR PROBABILITY SPIKE PRICE CASE 
 
Number 
Probability Spike price 
Switch 
number 
Time No Spike 
Price 
Time Spike 
Price AC status 
1 X1 0.45 0.45 ON 
2 X2 0.93 0.93 OFF 
3 X3 1.42 1.42 ON 
4 X4 1.87 1.87 OFF 
5 X5 2.38 2.38 ON 
6 X6 2.80 2.80 OFF 
7 X7 3.34 3.34 ON 
8 X8 3.78 3.78 OFF 
9 X9 4.25 4.25 ON 
10 X10 4.75 4.75 OFF 
11 X11 5.32 5.33 ON 
12 X12 5.71 5.55 OFF 
13 X13 6.23 5.96 ON 
14 X14 6.65 6.57 OFF 
15 X15 7.17 7.10 ON 
16 X16 7.59 7.6 OFF 
17 X17 8.11 8.08 ON 
18 X18 8.53 8.56 OFF 
19 X19 9.06 9.04 ON 
20 X20 9.46 9.52 OFF 
Cost No spike ($) = 1 
Cost Spike ($) = 149.80 
Total cost ($) = 2.5 
 
 
V.  CONCLUSION 
The proposed innovative consumer DSR model aimed to 
allow consumers to manage and control air conditioning for 
every period based on the electricity price. The model is 
applicable for both residential and commercial consumers on 
fluctuating energy prices to be minimizing energy cost. The 
proposed model can assist for the consumer to optimize 
energy use for optimize air conditioning to meet several cases, 
such as: no spike, spike and probability spike price cases. In 
addition, this model described how to air conditioning system 
applied pre-cooling system as a smart way to avoid high 
electricity price in the critical time. As a result that pre-cooling 
system is more effective to minimize energy cost. However 
pre cooling is only undertaken when there is a substantial risk 
of a price spike. 
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